The formation of cell envelope components ofBifidobacterium bifidum subsp. pennsylvanicus was studied by measuring the incorporation of [3Hlglycine, 14C- we have shown that a high amount of radioactivity from this compound is incorporated into the amino sugars of the cell wall peptidoglycan (40). Since changes in incorporation may be due to alterations in turnover and/or net synthesis, the turnover of peptidoglycan, protein, and lipids was also studied to arrive at an adequate interpretation. The effect ofstaphylococcin 1580 on the macromolecular syntheses was included in these investigations because this bacteriocin was bactericidal for many gram-positive bacteria (30) and considerably affected protein synthesis (31, 32).
lipid release. Mg2+ deficiency of the medium caused about 60%o inhibition of growth and lipid synthesis, but protein synthesis and especially peptidoglycan synthesis were much less inhibited. Staphylococcin 1580 arrested the growth and also the synthesis of protein and peptidoglycan. However, the synthesis and turnover of lipids were considerably increased and a release of large amounts of lipids was observed. Peptidoglycan and cellular protein did not show any turnover either during normal growth or after the inhibition of cell wall and protein synthesis.
Although much information has been gathered about the biosynthesis of bacterial membranes and that of cell walls, relatively little is known about the interaction of these processes during growth (24, 28, 42, 45, 54, 58) . Cell wall thickening by antibiotics that inhibit protein synthesis and by amino acid starvation in Streptococcus faecalis and other bacteria suggested an interrelationship (28, 58) . Biofidobacterium bifidum subsp. pennsylvanicus is a suitable organism with which to study this relationship because it requires human milk (22) or certain D-glucosamine derivatives (40, 41) as a substrate for cell wall synthesis. Much information was obtained on the composition of its cell wall (65) and cytoplasmic membrane (14, 16) . Earlier (14, 15, 63) we observed marked changes in the lipid composition after inhibition of cell wall synthesis.
We report in this paper a study of the incorporation of 14C-labeled fatty acids into cellular and membrane lipids and of [3H] glycine into cellular and membrane protein under normal growth conditions and under conditions in which cell wall synthesis and/or protein synthesis were inhibited. These conditions were effected by various antibiotics, Mg2+ deficiency, the omission of glucosamine-containing growth factors, or staphylococcin 1580. Peptidoglycan synthesis was measured by the incorporation of [L14Clglucosamine from the synthetic growth factor N-benzoyl-['4C]glucosamine. Previously we have shown that a high amount of radioactivity from this compound is incorporated into the amino sugars of the cell wall peptidoglycan (40) . Since changes in incorporation may be due to alterations in turnover and/or net synthesis, the turnover of peptidoglycan, protein, and lipids was also studied to arrive at an adequate interpretation. The effect ofstaphylococcin 1580 on the macromolecular syntheses was included in these investigations because this bacteriocin was bactericidal for many gram-positive bacteria (30) and considerably affected protein synthesis (31, 32) .
A disbalance of lipid and protein synthesis was observed under all inhibitory conditions, but only specific inhibitors of peptidoglycan synthesis and staphylococcin 1580 cause a marked release of lipids to the culture medium.
MATERIALS AND METHODS
Organism and cultivation. B. bifidum subsp. pennsylvanicus, originally called Lactobacillus bifidus subsp. pennsylvanicus (22) , was cultivated at 370C in a complex medium previously described (13) , to which 2% skimmed human milk was added. The gas phase consisted of 90% N2 and 10% CO2.
Chemicals (33) . The activity of each preparation was empirically determined (33) .
Instagel and Omnifluor were obtained from Packard Instruments Co., Brussels, Belgium, and New England Nuclear Corp., Dreieichenhain, West Germany, respectively. Radioactive compounds were purchased from the Radiochemical Centre, Amersham, England. N-benzoylglucosamine and N-benzoyl-[14C]glucosamine were prepared by the method of Konstas et al. (39) . The radioactive preparation had a specific activity of 21 gCi/mmol. Incorporation experiments. Cells from 10-h cultures (exponential phase) were suspended in fresh culture medium (pH 6.8) without human milk. The absorbance at 550 nm of the suspension was approximately set to 1.00. N-benzoyl-i)-glucosamine was added in an optimal concentration for growth (25 ,ug/ml) . Preincubation was performed for 1 h at 37°C with and without antibiotics. The final concentrations of the antibiotics were: penicillin G, 10 ,ug/ml; vancomycin, 20 gg/ml; bacitracin, 160 g.g/ml (3.24 U/ml); i-cycloserine, 80 ,ug/ml; chloramphenicol, 60 ,ug/ml; tetracycline, 50 ,ug/ml; actinomycin D, 10 ,ug/ ml; and staphylococcin 1580, 50 arbitrary units/ml. After preincubation one normal and one inhibited culture suspension were tested at the same initial absorbance. Radioactive precursors were added in the following amounts per ml: 50 nCi of N-benzoyl- mine. Samples of 2.5 ml of culture were mixed with 2.5 ml of 10% trichloroacetic acid at 0°C. After centrifugation the precipitate was suspended in 5 ml of 5% trichloroacetic acid and heat for 30 min at 95°C. The trichloroacetic acid-insoluble residue was suspended in 5 ml of 0.01 M NaOH. After mixing with 10 ml of Instagel, the radioactivity was determined. Incorporation of 14C-labeled fatty acids. Samples of 2.5 ml of culture were mixed with 2.5 ml of medium at 0°C. Cells were isolated, washed twice with cold culture medium, and suspended in 5 ml of 0.01 M NaOH. After mixing with 10 ml of Instagel, the radioactivity was determined. Isolation of the cytoplasmic membrane fraction. Samples of 2.5 ml of culture were added to 5 ml of medium at 0°C and centrifuged. The cells were suspended in 5 ml of 0.1 M phosphate buffer (pH 6.8), which contained 10 mM Mg2+ and 5 mg of lysozyme (EC 3.2.1.17). Protoplast formation was effected by incubation at 37°C for 40 min. Protoplasts were sonically treated four times for 15 s with a Branson sonifier model B12. After 5 min of incubation with deoxyribonuclease (EC 3.1.4.5; 12 ug/ml) the membrane fraction was collected by centrifugation for 30 min at 100,000 x g. The preparation was washed twice with 5 ml of phosphate buffer (pH 6.8, 10 mM Mg2+) and taken up in 3 ml of 1% sodium dodecyl sulfate in water. For liquid scintillation counting 2 ml of the membrane suspension was adjusted to 5 ml with water and mixed with 10 ml of Instagel. The rest of the suspension was used for the protein assay.
Turnover experiments. Cells from 10-h cultures were incubated with radioactive precursors (concentrations as described above) during 60 min in fresh culture medium at 37°C. The labeled cells were isolated, washed twice with medium, and reincubated in fresh nonradioactive medium containing N-benzoylglucosamine (25 ,ug/ml). Antibiotics were then added in the same concentration as during the incorporation studies. The turbidity (550 nm) of the culture was about 1.0 at the start. The radioactivity was measured in the cells and in the medium, isolated from samples of 2.5 ml after different periods of incubation at 37°C. The same precipitation procedures were used as during the incorporation studies. Lipids were extracted from the culture medium by the procedure of Bligh and Dyer (3).
Analytical methods. The turbidity of the cultures was assayed at 550 nm. An absorbance of 1.00 corresponds to a dry weight of 0.04 mg/ml of culture. The protein content of membrane suspensions was assayed by the method ofLowry et al. (43) . Lipids were extracted from cells as previously described (63) and from the extracellular fluid by the procedure of Bligh and Dyer (3). Silicic acid column and thinlayer chromatography were described previously (14) . The amount of radioactivity incorporated from
[14C]glycine or N-benzoyl-[P4C]glucosamine into fatty acyl chains was determined by the method of Cronan (8) .
For identification of the labeled amino acids, the hot trichloroacetic acid-insoluble fraction of [14C]-glycine-labeled cells was hydrolyzed with 6 N HCl for 16 h at 100°C. After thin-layer chromatography on cellulose, amino acid detection was performed by autoradiography. The plates were developed with nbutanol-pyridine-water (1:1:1, by volume) and nbutanol-acetone-water (4:1:5, by volume). 
RESULTS
The glucosamine unit from N-benzoylglucosamine appears to be readily incorporated into the hot trichloroacetic acid-insoluble fraction of the cell. This fraction contains the cell wall peptidoglycan but no teichoic acids (53) . Only 1.4% of the total radioactivity was not solubilized after lysozome digestion. About 1.9% of the radioactivity incorporated from N-benzoylglucosamine was found in the fatty acyl chains. Thus, the "IC activity of the fraction represented predominantly incorporation into peptidoglycan. Glycine was chosen as a precursor for protein synthesis because this amino acid is very effectively incorporated into the cellular protein without structural modification. Since glycine is not a component of the cell wall peptidoglycan (52) , a single precipitation procedure could be used for protein and peptidoglycan. By the use of [3H]glycine and N-benzoyl-[14C]-glucosamine it was possible to measure the incorporation of both precursors by one assay in the same sample.
Since glycerol and fatty acids are common components of all lipids, both were investigated as possible precursors for incorporation into the lipid fraction. Glycerol did not appear to be a suitable precursor because it was not incorporated under all experimental conditions. 14C_ labeled fatty acids appeared to be good precursors for the lipids. They were not used for the synthesis of other cellular components because 99% of the incorporated radioactivity could be extracted with chloroform-methanol. Oleic and palmitic acids were used because they amounted to about 40 and 25%, respectively, of the total fatty acids (64) . These acids were not converted to other fatty acids, as was proved by radio-gas chromatography., Incorporation studies. Incorporation in control cells varied somewhat, despite the use of completely standardized procedures. These variations are probably due to differences in culture, age, and growth. The problem was overcome by comparing the inhibited cells always with control cells from the same original culture. Since an extended period ofgrowth inhibition may cause widespread damage to the cell, only data for relatively short labeling periods were considered. The data for membrane components were expressed on the basis of the protein content of the membrane preparation, according to Kahane and Razin (34) , since the amount of membrane material obtained varied between identical experiments. ANTIMICROB. AGENTS CHEMOTHER.
When cells from a 10-h culture were suspended in fresh medium containing N-benzoylglucosamine, the absorbance doubled after about 90 min (Fig. 1) . The (Fig. 1 and 2 ). After this period the incorporation rate of oleic acid decreased. The incorporation ofglycine and oleic acid into the membrane fraction rapidly increased in the early part of the incubation period. Since Inhibition of cell wall synthesis. Penicillin, vancomycin, and bacitracin appear to be effective inhibitors of growth and N-benzoylglucosamine incorporation. Figure 1 shows the results of one representative experiment. Table 1 contains the relative incorporation data for the inhibited cells after 50 and 90 min. These values are fairly representative for all incorporation studies. D-Cycloserine inhibited somewhat less than the former three antibiotics. The incorporation of glycine into cellular and membrane protein was markedly depressed under all conditions of cell wall inhibition, with cycloserine again showing less effect. The apparent incorporation may be due to the net synthesis of cell components and/or turnover. The turnover of glucosamine in peptidoglycan and of glycine in protein was studied in cells labeled for 60 min. The glucosamine and glycine labels were preserved in the macromolecules of the normal cell during the chase period of 90 min, equal to one generation time. The inhibition of cell wall synthesis did not cause a decrease of these labels either.
The amount of [3H]glycine incorporated per milligram of membrane protein decreased to about 74% of the value at the start of the chase period in normal cells. The increase of turbidity (46%) suggests a similar increase in membrane mass, explaining the 30% decrease of the 3H activity. The agreement of the observed and calculated values for isotope dilution indicates an absence of turnover of glycine in the membrane protein during the 90-min chase period. Inhibition of cell wall synthesis caused a slight decrease in the amount of [3H]glycine per milligram of membrane protein, which may be due to isotope dilution and increased turnover.
The addition of penicillin caused a marked increase in the [14C]oleic acid incorporation (Fig. 2) , despite a strong inhibition of growth. In this case, and also with vancomycin, the incorporation into cellular lipids reached a (Fig. 3) . Under all conditions that caused cell wall inhibition we observed a considerable decline in the 4C activity of the cellular lipids with a concomitant increase in the radioactivity of the lipids in the culture medium (Fig. 3) (Table 1) . Despite the inhibition of glycine incorporation, the incorporation ofN-benzoyl-_14C]glucosamine continued, although at a decreased rate. The incorporated ['4C]glucosamine activity was nearly completely soluble after lysozyme digestion.
The omission of Mg2+ from the medium reduced its concentration from 1.0 to 0.14 mM (contamination by other chemicals). The Mg2+ deficiency resulted in a decrease in growth and glycine incorporation ( Table 1 ). The incorporation of N-benzoylglucosamine was about the same for normal and Mg2+-deficient cultures, despite the lower increase in turbidity in the latter case. The glucosamine activity incorporated after Mg2+ omission was again nearly completely digestible by lysozyme.
During the inhibition ofprotein synthesis the incorporation of [ (66) . The membrane proteins appear metabolically stable, in contrast to those of Mycoplasma laidlawii (34) . Chloramphenicol, tetracycline, and actinomycin equally inhibited glycine incorporation into the total cellular and membrane proteins ofB. bifidum subsp. peinsylvanicus, as they do in E. coli (67) . A differential inhibitory effect was observed upon the incorporation ofglycine into proteins ofMicrococcus lysodeikticus (18, 62) . During the arrest of protein synthesis by chloramphenicol, no tumover ofmembrane proteins was observed in E. coli (2) , as was the case in our organism. The rate ofmembrane protein turnover was decreased by this antibiotic in M. Iaidlawii (34) , Growth of bacteria in a Mg2+-deficient medium causes a loss of ribosomes (35, 44) , but only partial inhibition ofprotein synthesis (46) . In our organismn protein and peptidoglycan synthesis are less affected than growth during Mg`+ deficiency. This may be due to an accumulation of Mg2+, as was found in Bacillus cereus T (56) . Mg2+ limitation affected the cell wall content and composition of various grampositive bacteria grown in chemostat cultures (12) . The synthesis of lipids runs parallel to growth in B. bifidum subsp. pennsylvanicus during Mg2+ depletion of the medium, whereas in E. coli total phospholipids increased in this case (21 
